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In this study aspects of selective attention and working memory were tested in a large sample
of nearly 6-year old monozygotic and dizygotic twin pairs, using a computerized test battery
(Amsterdam Neuropsychological tasks). In the selective attention task the presence of a foil
signal (target signal at an irrelevant location) resulted in more false alarms than a non-target
signal. In the working memory task an increase in memory load lead to an increase in response
times and errors. We analyzed variations in absolute performance parameters (overall speed
and accuracy) and relative performance parameters (increase in errors and/or reaction time).
The results showed clear familial resemblances on performance. It proved diﬃcult to ascribe
these eﬀects to shared genes or to shared environment. An exception was memory search rate,
which was clearly heritable.
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In order to study the genetics of childhood psy-
chopathologies such as ADHD it is of great impor-
tance to identify endophenotypes that predict the
liability of the pathology of interest. The advantage
of an endophenotypic approach to study complex
disorders (or complex traits, such as IQ) is that it
allows the identiﬁcation of genes that by themselves
make only a small contribution to the trait under
study. A minimal requirement for suitable endophe-
notypes is that they yield continuously quantiﬁable
measures; another requirement is that endopheno-
types are anchored in neuroscience (e.g., Castellanos
and Tannock, 2002, and De Geus and Boomsma,
2001). Indeed, researchers of psychopathologies often
make use of neurocognitive tasks that are known to
activate particular brain systems, and that yield
quantitative performance measures, usually reaction
times and percentage of errors. For example, Bush
et al., (1999), using a counting Stroop task, found
that children with ADHD showed underactivation in
the anterior cingulate cognitive division (ACcd), and
a concurrent increase in distractor interference, rela-
tive to controls. Stroop performance may thus qualify
as a suitable (cognitive) endophenotype, indicative of
ADHD. However, the search for endophenotypes
should also be guided by the fact that many psy-
chopathologies are highly heritable, and a recent line
of inquiry has started to focus on the heritabilities of
the endophenotypes themselves.
Twin, adoption and family studies have shown
that many psychopathologies are highly heritable (for
review, see Acosta et al., 2004). For example, the
heritability of ADHD is estimated to be around be-
tween 50% and 90% (e.g., Thapar et al., 1999). In a
similar vein, the heritability of attention problems as
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established by questionnaires is estimated to be
around 70–90% (e.g., Rietveld et al., 2003). Whole
genome scans have identiﬁed promising chromo-
somal regions that are associated with ADHD (e.g.,
Bakker et al., 2003; Fisher et al., 2002). The results
from these two genome scans have, however, not
identiﬁed any overlapping regions. The process of
gene ﬁnding may beneﬁt from the development of
suitable tasks that not only activate the aﬀected brain
regions, but that are also heritable. For example, if
ADHD is heritable, and if performance on certain
response conﬂict tasks is indicative of ADHD, then it
should be the case that performance on conﬂict tasks
itself has a heritable component. This knowledge,
combined with an understanding of the brain regions
that are involved in resolving response conﬂict, can
guide the search for genes that are involved in
abnormal brain functioning of ADHD.
The aim of the current paper is explore which
individual differences in neurocognitive performance
at a young age are mediated by genetic factors. To
this end, a large sample of nearly 6-year old MZ and
DZ twin pairs performed a selective attention task
and a working memory (WM) task using a comput-
erized test battery. Not a lot is known about neuro-
cognitive performance at this particular age, and
studies that examined heritabilities of childhood
neurocognitive performance are rare (e.g., Groot
et al., 2004; Slaats-Willemse et al., 2003). However, it
is known that attention problems are highly heritable
at this age (van Beijsterveldt et al., 2004; Groot et al.,
2004). Longitudinal and cross-sectional studies have
shown that heritability of some traits, such as IQ,
increases with increasing age (e.g., Bartels et al.,
2002), and that heritability of other traits tends to be
relatively stable across diﬀerent ages (e.g., attention
problems; Rietveld et al., 2004). If we want to gain a
better understanding of the genetic pathways of
childhood psychopathologies, it is of importance to
study not only neurocognitive performance at dif-
ferent ages, but also heritability of performance
indices at diﬀerent ages. In this study we took the ﬁrst
step in examining the heritability of attentional skills
in a population of healthy young children.
The subject group consisted of 474 nearly 6-year
old twins. Groot et al., (2004) have already published
results from the same group on the ability to maintain
the alert state and the ability to withhold a prepo-
tent response. Deﬁcits in these functions are related
to ADHD (e.g., Berger and Posner, 2000; Slaats-
Willemse et al., 2003), and one of the key ﬁndings in
our previous study was that there were clear familial
resemblances on these functions, although it proved
impossible to ascribe these resemblances to shared
environmental inﬂuences or to shared genes. In the
present study we focus on another deﬁcit in ADHD,
viz. deﬁcits related to executive functions (EF).
According to some authors, the core deﬁcit in ADHD
is at the level of the behavioral inhibition system that,
in turn, aﬀects executive functions (e.g., Barkley,
1997). Two skills that are subserved by the EF system
were assessed, viz. the ability to select task-relevant
information, and the ability to compare items stored in
working memory with external input.
Lack of selective attention and working memory
skills is often seen in children with ADHD (e.g.,
Barkley, 1997; Swaab-Barneveld, 1998), and it is
important to determine the genetic and environmen-
tal contributions to these skills in young children. If it
can be established that performance on tasks of
selective attention and working memory is heritable,
then these tasks may be used as a basis to further
reﬁne the ADHD cognitive endophenotypes. Fur-
thermore, an insight into the genetics of these func-
tions may ultimately help to unravel the genetic
pathways of ADHD. Performance on these tasks may
then be used as an early genetic predictor for ADHD,
since ADHD cannot be diagnosed yet at this early
age. We used a selective attention task that has
already been shown to diﬀerentiate children with
ADHD from controls by Swaab-Barneveld (1998)
who reported more errors in children with ADHD
than controls. The memory search task is a variant of
the Sternberg task, and is thought to index working
memory eﬃciency that, in turn, is aﬀected in ADHD
(e.g., Barkley, 1997).
The contributions of additive genetic factors,
shared environmental factors and unique environ-
mental factors in explaining the variance observed
for these measures were estimated using structural
equation modeling. In addition, sex differences in
these contributions were explored.
METHOD
Subjects
The sample consisted of 237 twin pairs with a
mean age of 5.8 years (SD. 0.1, range 5.67–5.92). All
subjects were registered at birth with the Netherlands
Twin Registry (NTR), kept by the Department of
Biological Psychology at the Vrije Universiteit in
Amsterdam. Of all multiple births in the Netherlands,
40–50% are registered by the NTR (Boomsma, 1998;
Boomsma et al., 2002). There were 52 monozygotic
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male twin pairs (MZM), 37 dizygotic male twin pairs
(DZM), 73 monozygotic female twins pairs (MZF),
36 dizygotic female twin pairs (DZF) and 39 dizy-
gotic opposite-sex twin pairs (DOS) in the sample. In
the same sex twin pairs, zygosity was determined on
the basis of DNA polymorphisms.
Assessment
In this study the Amsterdam Neuropsychologi-
cal Tasks (ANT) (de Sonneville, 1999) were used. The
ANT consists of a series of tasks, designed especially
for the evaluation of attentional control in children as
young as ﬁve, including sustained, selective and
divided attention and visuo-motor coordination
paradigms. All children were visited at home, trained
testers administered the test on a laptop. Before each
test the children received a practice session to ensure
that the tasks were well understood and practiced.
Prior to assessment, it was determined whether the
child was a left-hander or a right-hander. Hand
preference was determined by self-report of the sub-
ject. When in doubt, the child was asked to draw a
doll, and the hand being used for this activity was
considered the preferred hand.
The children were tested one by one in random
order with regard to birth order. In this paper we
report on data of the following subtests of the ANT:
Selective attention task
In this task a fruit basket is presented with four
pieces of fruit. Two pieces of fruit are aligned in a
vertical fashion (top and bottom) and two pieces in a
horizontal fashion (left and right). An example of the
stimulus is shown in Figure 1. Subjects have to give a
yes-response if the target fruit is shown at one of the
two relevant locations, i.e. the top or bottom location
of the vertical axis. They have to give a no-response if
the target fruit is shown but at an irrelevant location
(left or right; horizontal axis), or if the target fruit is
absent altogether. The display with the target fruit on
the vertical axis is the target signal; the display with the
target fruit on the horizontal axis is the foil signal, and
the display that contains only the four non-target fruits
is the non-target signal. It is expected that the presence
of a foil signal will lead to slower RTs (due to sup-
pression of the incorrect response), and/or to more
false alarms (due to a failure to suppress the incorrect
response). If the foil manipulation is eﬀective then we
can proceed to assessing the heritability of the foil ef-
fect.
The three signal types were presented in a random
order (28 target signals, 14 foil signals, 14 non-target
signals). Yes and no responses were given by pressing
one of two buttons (left or right) of a mouse that was
attached to the laptop. Which of the two buttons
served as the yes and no buttons was a function of the
hand preference of the subject, and was determined
separately for each subject. For right-handers, the
right mouse button served as the yes button and was
operated by the index ﬁnger of the right hand. The left
button served as the no button, and was operated by
the index ﬁnger of the left hand. This pairing was re-
versed for left-handers. Following a key-press, the next
signal is presented 1200 ms later, preceded the last
500 ms by awarning signal (ﬁxation cross). Prior to the
experiment, the children were given verbal instruc-
tions, and were shown the stimulus material. Next,
they received twelve practice trials that were not ana-
lyzed. When in doubt, the experimenter could admin-
ister an additional set of practice trials. Subsequently,
the Selective Attention experiment began.
Memory search task
In this task children are presented with an image
of a house with four animals presented simultaneously
in the windows and the door opening. An example of a
Fig. 1. An example of a stimulus used in the selective attention
task. Fig. 2. An example of a stimulus shown in the memory search task.
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stimulus is shown in Figure 2. Subjects are instructed
to press the yes-key when the signal contains an animal
from thememory set, and to press a no-keywhen this is
not the case. On each trial the animals occupy diﬀerent
positions. The task consists of two parts. In part I the
memory set contains one animal (e.g., a mouse;
Memory Load=1), in part II the memory set contains
two animals (e.g., a bird and a cat; Memory Load 2).
Per task 20 target and 20 non-target signals were
presented in random order. Reaction times and errors
are expected to be higher when the memory load
equals 2 (i.e., 2 items are stored in memory) than
when the memory load equals 1. The reaction time
increase can be used as an index of the rate of
memory search. If the memory load manipulation is
effective then we can proceed to assessing the heri-
tability of the load effect.
The children pressed one of two mouse keys, as
described above, to signal a yes and no response.
After a key press, the next stimulus was presented
after 1200 ms, preceded the last 500 ms by a warning
signal (small ﬁxation square). Prior to the experi-
ment, the children were given verbal instructions, and
were shown the stimulus material. Next, they received
twelve practice trials that were not analyzed. When in
doubt, the experimenter could administer an addi-
tional set of practice trials. Subsequently, the Mem-
ory Search experiment began.
SCORES
Selective attention task
The reaction times for hits (RT hits), correct
rejections on foils (RT CR [foil]) and correct rejections
on non-targets (RT CR [non-target]) are sampled
separately. The following error scores were derived:
percentage of misses (P-misses), the percentage of false
alarms (P-FA) which can be divided further in per-
centage of false alarms on foils (P-FA [foil]) and the
percentage of false alarms on non-targets (P-FA [non-
target). Of special interest is the difference betweenRT
CR [foil] andRTCR [non-target], which can be used as
an index of the size of the foil effect on RT, and the
difference between P-FA [foil] and P-FA [non-target],
which can be used as an index of the size of the foil
effect on accuracy. Also, summary variables were
computed: the percentage of errors (% er-
rors = (2 · P-misses + P-FA [foil] + P-FA [non-
target])/4), giving an indication of the accuracy of task
performance, and the mean reaction time, which gives
an indication of overall processing speed.
Memory search task
The reaction time for hits (RT hits) and for correct
rejections (RTCR) are sampled separately under load 1
(i.e., one item in the memory set) and under load 2 (i.e.,
two items in thememory set). The following error scores
were computed: percentage of misses (P-misses) and
percentage of false alarms on non-target signals (P-FA)
per load condition. In addition, the total error%
was computed as (P-missesload1+P-FAload1+ P-mis-
sesload2 + P-FAload2)/4.
The increase in search time when the number of
items to be stored in memory increases from 1 to 2 was
calculated as ((RT hits + RTCR)load2)(RT hits+RT
CR)load1)/2. We called the variable Load [RT], which
can be used as an index of the memory search rate. In a
similar vein, we computed the eﬀect of increasing
memory load on accuracy: Load [Acc] = ((P-mis-
ses + P-FA)load2 ) (P-misses + P,FA)load1)/2.
Data of children who had an extremely high error
rate (>40% false alarms ormisses) were excluded from
the study. In addition, we excluded data of children
whose overall RTwasmore than 3 standard deviations
above the sample mean. These criteria resulted in 14
individuals being excluded from the selective attention
task (11 of which due to their high error rates), and 8
individuals from the memory search task (4 of which
due to their high error rates). Due to these criteria the
number of complete twin pairs dropped from 237 to
225 in the selective attention task, and from 237 to 231
in the memory search task.
TEST OF MEANS
In the selective attention task, we performed
t-tests to investigate whether the foil manipulation
was eﬀective, and whether there were diﬀerences in
RTs and accuracy between boys and girls. For the
memory search task, we performed ANOVA’s to test
the eﬀects of memory load, response type, and sex on
the RTs and the accuracy variable. We adopted a
signiﬁcance level of 0.05 throughout. All tests were
done separately for the ﬁrst born and the second born
twins. We also calculated the eﬀect sizes; partial eta
squaredðg2pÞ for ANOVA’s, and Cohen’s d for t-tests.
GENETIC ANALYSIS
Data from monozygotic and dizygotic twins
were used to decompose the variance in performance
on the different tasks of the ANT into a contribution
of the additive effects of one or more genes (A),
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environmental inﬂuences that are shared by twins (C)
and environmental inﬂuences that are not shared by
twins (E). If monozygotic twins, who share all their
genetic material, are more alike than dizygotic twins,
who share on average half of their genetic material,
genetic effects are indicated.
Pearson correlations were calculated for the
different attention measures between ﬁrst born and
second born twins separately for all sex by zygosity
groups. An indication of the heritability can be de-
rived by doubling the difference between correlations
for MZ twins and those for DZ twins
[h2=2(rMZ)rDz)] (Falconer and Mackay, 1996).
Inﬂuences of genetic and common environmen-
tal factors were tested using Structural Equation
Modelling in the program Mx. Raw data were ana-
lyzed to make it possible to include data from
incomplete twin pairs. For each genetic model, the
relative importance of genetic, common environ-
mental and unique environmental inﬂuences were
expressed in h2, c2 and e2 respectively. The eﬀect of
sex on these estimates was assessed by likelihood-
ratio tests (3 df) by comparing the ﬁt of an ACE
model with parameter estimates constrained to be
equal across sexes (ACEnosex) to one in which they
were allowed to vary (ACEsex). Genetic models were
compared to saturated models, to obtain an indica-
tion of goodness of ﬁt. The chi-squared statistic is
computed as twice the diﬀerence between the likeli-
hood for the full model (LL0) and that for a reduced
model (LL1) (v
2=)2(LL0)LL1). Subsequently, the
same approach was used to compare the ACE model
without sex diﬀerences with the AE and CE models
without sex diﬀerences (Ddf=1). These were then
compared to the E model without sex diﬀerences
(Ddf=1).
Prior to the genetic tests we examined—using the
Levene test—whether the variances of the RTs in
both test were of equal magnitude across the sex and
zygosity groups.
RESULTS
Descriptive statistics
In Table I the number of subjects, mean and
standard deviation are shown for girls and boys per
variable for the ﬁrst-born twin (twin 1) and the sec-
ond born twin (twin2) for the selective attention task.
For the selective attention task, a t-test revealed
that girls were somewhat faster than boys (oldest twin
only), and that girls were more accurate than boys
(youngest twin only), although the eﬀect sizes were
modest. Our main interest is with the eﬀects of the foil
signal on performance. As can be seen from Table I,
there was little evidence of an eﬀect of the foil on speed
of responding, but there was substantial evidence for
an eﬀect on accuracy. Both boys and girls, and both
Table I. Number of subjects (N), mean and standard deviation (SD) for the variables of the selective attention task for girls and boys,
separately for the ﬁrst born twin (Twin1) and the second born twin (Twin2)
Variable Sex N (twin1) N (twin2) Mean twin1 Mean twin2 SD twin1 SD twin2
Mean RT Girl 118 133 1843*
(d=0.27)
1870 370 389
Boy 112 97 1955 1937 444 390
Mean Accuracy Girl 118 133 3.41 2.98*
(d=0.32)
3.91 3.28
Boy 112 97 3.19 4.05 3.37 3.45
Foil [RT] Girl 118 113 41 14 366 288
Boy 112 97 67#
(d=0.31)
)13 306 324
Foil [Ace] Girl 118 133 2.18#
(d=0.34)
2.95#
(d=0.62)
9.17 6.76
Boy 112 97 2.61#
(d=0.49)
3.53#
(d=0.72)
7.61 6.93
Eﬀect sizes of signiﬁcant eﬀects (Cohen’s d) are shown in parentheses.
RT = Overall Reaction Time, Accuracy = percentage of errors, Foil [RT] = the size of the foil eﬀect for the RT variable, Foil [Acc] = the
size of the foil eﬀect for the accuracy variable (all RT-variables in ms).
Note: a foil is a target signal at an irrelevant location, thus requiring a no-response.
*t-test showed a signiﬁcant diﬀerence between boys and girls, p<0.05.
#t-test showed a signiﬁcant deviation from 0.
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ﬁrst and second born twins, made more errors (false
alarms) to the foil signal than to the non-foil signal. It
thus seems to be the case that the foil manipulationwas
eﬀective, but only for accuracy. Therefore, with regard
to the foil eﬀect, we will investigate the heritability of
accuracy only, not RT.
The mean RTs for the memory search task are
shown in Figure 3 for the oldest twins (left panel) and
the youngest twins (right panel). A 2 · 2 ANOVAwas
performed on the RTs with memory load (Load 1 vs.
Load 2) as within-subjects factor, and sex (boys/girls)
as between-subjects factor. This ANOVA was per-
formed separately for the youngest and oldest twins.
For both groups we found near-identical results. First,
both groups showed an eﬀect of memory load (youn-
gest: F(1, 231)=582.2, p<0.001, g2p ¼ 0:716; oldest:
F(1, 231)=603.8, p<0.001, g2p ¼ 0:723Þ. It took less
time to identify the target when one item was stored in
memory (mean RT = 1652 ms) than when 2 items
were inmemory (2146 ms). Thus Load [RT] (the search
rate) had a value of 494 ms. Second, both groups
showed an eﬀect of sex (youngest: F(1, 231)=12.8,
p<0.001, g2p ¼ 0:052Þ; oldest: F(1, 231)=14.9,
p<0.001, g2p ¼ 0:061), indicating that girls were on
average faster than boys. Finally, in both groups sex
interacted withmemory load (youngest: F(1, 231)=9.8,
p<0.01, g2p ¼ 0:041Þ; oldest: F(1, 231)=10.2, p<0.01,
g2p ¼ 0:042). As can be seen from the ﬁgure, the increase
in RTs with increasing load was greater for boys than
for girls.
A 2 · 2 ANOVA was performed on the error
percentages with memory load (Load 1 vs. Load 2) as
within-subjects factor, and sex (boys/girls) as be-
tween-subjects factor. This ANOVA was performed
separately for the youngest and oldest twins. Again,
for both groups we found near-identical results. Both
groups showed an effect of memory load (youngest:
F(1, 231)=9.1, p<0.01, g2p ¼ 0:038; oldest: F(1,
231)=6.1, p<0.05, g2p ¼ 0:026Þ. There was an overall
increase in errors with increasing memory load;
averaged over both groups, the error rate increased
from 3.5% (Load 1) to 4.4% (Load 2), yielding a
value of load [Acc] of 0.9%. No eﬀects involving sex
were signiﬁcant.
Genetic analysis
In Tables II and III the correlations for the ﬁve
zygosity groups for the selective attention task and
the memory search task, respectively, are shown.
Inspection of Table II (selective attention) reveals
that the correlations for overall RT were all moder-
ately high, with the exception of DZF twins. This
pattern of correlation indicates possible inﬂuences of
genes and common environment. For accuracy twin
correlations tend to be higher for MZ pairs than for
DZ pairs, suggesting that genetic factors are impor-
tant. However, no such pattern was observed for the
size of the foil eﬀect on accuracy. This suggests that
unique environmental factors account for the larger
part of the observed individual diﬀerences.
Inspection of Table III (memory search) showed a
pattern of twin correlations for overall RT andmemory
search rate (Load [RT]) that was indicative of genetic
factors on these variables. In addition, the accuracy
appeared to be inﬂuenced by common environmental
and genetic factors, but hardly any evidence for familial
inﬂuences was found on the Load [Acc] variable.
We conducted a Levene test across sex (male and
female) and zygosity group (monozygotic and dizy-
gotic) on all variables listed in Tables II and III. We
found that the variances of the mean RT in the
Table II. Twin correlations for the variables of selective attention
task for all zygosity groups
Zygosity (N) RT Accuracy foil [Acc]
MZM (48) 0.54 0.42 0.04
DZM (34) 0.52 0.25 0.22
MZF (69) 0.44 0.32 0.04
DZF (36) 0.21 )0.24 0.12
DOS (38) 0.51 )0.13 0.11
Number of subjects (N) in parentheses.
RT = overall reaction time, foil [Acc] = the size of the foil eﬀect
on accuracy, MZM = monozygotic male, DZM = dizygotic
male, MZF = monozygotic female, DZF = dizygotic female,
DOS = opposite sex twins.
Note: a foil is a target signal at an irrelevant location, thus
requiring a no-response.
Fig. 3. Mean RTs (in ms) for the Memory Search task, as a
function of memory load (1 vs. 2), response type (hits vs. correct
rejections) and sex (boys vs. girls).
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memory search task was statistically unequal across
the groups, both for the ﬁrst born twins, F(3,
227)=5.355, p<0.001, and for the second born twins,
F(3, 227)=4.536, p<0.01, which seemed to be caused
by a somewhat larger variance in the monozygotic
males than in the other groups. For the remaining
variables the Levene test yielded no signiﬁcant eﬀects.
Univariate genetic models were ﬁtted to the
selective attention (RT, accuracy and foil) and
memory search variables (RT, accuracy, load-RT and
Load-accuracy). For none of these variables, sex
differences in variance components were signiﬁcant
(Dv2(3) ranged from 1.061 to 6.749). However, the
highest v2-value was obtained with the memory
search task, and was marginally signiﬁcant (p=0.08).
This is consistent with the results of the Levene test,
which showed signiﬁcant diﬀerences in variance
across the groups for that particular variable.
Table IV shows model ﬁtting outcomes and
parameter estimates. For MS-RT and MS- Load-RT,
common environmental inﬂuences could be discarded
from the models, but additive genetic inﬂuences were
signiﬁcant, resulting in heritabilities of 54% (Conﬁ-
dence interval = 42% to 63%) for MS-RT and 29%
(Conﬁdence interval = 14% to 43%) for MS- Load-
RT (diﬀerence between ACEnosex and CEnosex:
Dv2(1)=3.914 and 4.300 respectively). At least part of
the variance of SA-RT, SA-accuracy and MS-accu-
racy was familial, but no conclusions could be drawn
from the analyses as to whether this source of varia-
tion was genetic or common environmental. SA-RT
resulted in a model with either moderately high heri-
tability (50%, CI=38% to 61%) or large inﬂuences of
common environment (44%, CI=33% to 54%).
SA-accuracy showed somewhat lower heritability
(29%, CI=14% to 42%) or inﬂuences of common
environment (21%, CI=8% to 33%), as did
MS-accuracy, for which the AE model showed a her-
itability of 35% (CI=22% to 47%) and the CE model
resulted in c2 of 33% (CI=21% to 44%). Variance of
SA-foil and MS-Load-accuracy was completely
explained by unique environmental factors.
DISCUSSION
The aim of this paper was to examine childhood
performance on two neurocognitive tasks, and to
examine whether individual differences in performance
could be explained by genetic factors. If so, this would
aid in reﬁning the cognitive endophenotypes of behavior
problems, such as ADHD. In this study, a large sample
of nearly 6-year old MZ and DZ twins performed a
selective attention task and a working memory task.
In the selective attention task, subjects had to
respond to a target item, but only when it was present
on a certain location. The crucial condition was the
one in which the target was present, yet at the task-
irrelevant location. It was expected that the presence
of this foil signal would bias for a yes-response, which
needs to be suppressed in order to produce the correct
response. This would then lead to a relatively high
proportion of false alarms and/or slower RTs. It was
found that the foil induced more false alarms than
when the target was absent, but that RT was essen-
tially unaffected by the foil.
The working memory task consisted of a variant
of the Sternberg memory search task. Subjects had to
memorize one animal (Load 1) or two animals (Load
2), and to respond to the presence of an animal from
the memory set. It was expected that memory Load 2
would lead to higher RTs and/or more errors than
Load 1. Both these expectations were conﬁrmed:
when 2 items were stored in memory subjects re-
sponded on average nearly 500 ms slower, and with a
nearly 1%-increase in errors, than when just 1 item
had to be stored.
Only small differences (small effect sizes) be-
tween males and females were found, with females
being somewhat faster and more accurate than males.
This ﬁnding was replicated in both ﬁrst-born and
second-born twins.
Having established that the experimental manip-
ulations were effective, the heritabilities of the different
performance indices were assessed. The patterns of
twin correlations, and the model ﬁtting results strongly
suggested familial inﬂuences of absolute performance
parameters (overall reaction time and accuracy) and
relative performance parameters (memory search rate
and the size of the foil effect). However, it was difﬁcult
Table III. Twin correlations for the variables of the Sternberg
memory search task for all zygosity groups
Zygosity (N) RT Accuracy Load [RT] Load [Acc]
MZM (50) 0.64 0.54 0.40 0.24
DZM (35) 0.02 0.44 0.15 0.07
MZF (71) 0.52 0.26 0.33 )0.05
DZF (36) 0.20 0.11 )0.15 0.18
DOS (39) 0.39 0.15 0.01 0.23
Number of subjects (N) in parentheses.
RT = Overall Reaction Time, Accuracy = percentage of errors,
Load [RT] = the increase in search time with increasingmemory load,
Load [Acc] = increase in errors with increasing memory load, MZM
= monozygotic male, DZM = dizygotic male, MZF = monozy-
gotic female, DZF = dizygotic female, DOS = opposite sex twins.
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Table IV. Model ﬁtting and parameter estimates of heritability (h2), common environment (c2), and unique environment (e2), for three selective
attention variables (overall RT, accuracy and foil eﬀect-accuracy) and for four memory search variables (overall RT, accuracy, load-RT and load-
accuracy)
Model )2LL df c.t.m. v2 df p h2 c2 e2
Selective Attention: RT (N=460)
1 saturated 2490.076 430
2 ACEsex 2509.140 442 1 19.064 12 0.087 0.16/0.05 0.25/0.49 0.59/0.46
3 ACEnosex 2512.227 445 2 3.087 3 0.378 0.14 0.34 0.53
4 AEnosex 2515.556 446 3 3.329 1 0.068 0.50 – 0.50
5 CEnosex 2512.690 446 3 0.463 1 0.496 – 0.44 0.56
6 Enosex 2561.481 447 4 45.925 1 0.000 – – 1.00
5 48.791 1 0.000 – – 1.00
Selective Attention: Accuracy (N=460)
1 saturated 2373.244 430
2 ACEsex 2428.681 442 1 55.437 12 0.000 0.22/0.45 0.00/0.00 0.78/0.55
3 ACEnosex 2432.872 445 2 4.191 3 0.242 0.29 0.00 0.71
4 AEnosex 2432.872 446 3 0.000 1 1.000 0.29 – 0.71
5 CEnosex 2436.558 446 3 3.686 1 0.055 – 0.21 0.79
6 Enosex 2446.301 447 4 13.429 1 0.000 – – 1.00
5 9.743 1 0.002 – – 1.00
Selective Attention: Foil (N=460)
1 saturated 3122.457 430
2 ACEsex 3167.042 442 1 44.585 12 0.000 0.00/0.00 0.06/0.11 0.94/0.89
3 ACEnosex 3169.353 445 2 2.311 3 0.510 0.00 0.08 0.92
4 AEnosex 3170.030 446 3 0.677 1 0.411 0.06 – 0.94
5 CEnosex 3169.353 446 3 0.000 1 1.000 – 0.08 0.92
6 Enosex 3170.767 447 4 0.737 1 0.391 – – 1.00
5 1.414 1 0.234 – – 1.00
Memory Search: Load-RT (N=466)
1 saturated 2274.652 436
2 ACEsex 2299.404 448 1 24.752 12 0.016 0.32/0.43 0.17/0.13 0.51/0.44
3 ACEnosex 2306.153 451 2 6.749 3 0.080 0.41 0.12 0.47
4 AEnosex 2306.456 452 3 0.303 1 0.582 0.54 – 0.46
5 CEnosex 2310.067 452 3 3.914 1 0.048 – 0.46 0.54
6 Enosex 2365.955 453 4 59.499 1 0.000 – – 1.00
5 55.888 1 0.000 – – 1.00
Memory Search: Accuracy (N=466)
1 saturated 2329.180 436
2 ACEsex 2384.552 448 1 55.372 12 0.000 0.04/0.18 0.18/0.34 0.78/0.49
3 ACEnosex 2390.076 451 2 5.524 3 0.137 0.00 0.33 0.67
4 AEnosex 2392.604 452 3 2.528 1 0.112 0.35 – 0.65
5 CEnosex 2390.076 452 3 0.000 1 1.000 – 0.33 0.67
6 Enosex 2417.166 453 4 24.562 1 0.000 – – 1.00
5 27.090 1 0.000 – – 1.00
Memory Search: Load-RT (N=466)
1 saturated 2315.738 436
2 ACEsex 2342.430 448 1 26.692 12 0.001 0.24/0.08 0.00/0.26 0.76/0.66
3 ACEnosex 2346.793 451 2 4.363 3 0.225 0.29 0.00 0.71
4 AEnosex 2346.793 452 3 0.000 1 1.000 0.29 – 0.71
5 CEnosex 2351.093 452 3 4.300 1 0.038 – 0.20 0.80
6 Enosex 2360.342 453 4 13.549 1 0.000 – – 1.00
5 9.249 1 0.002 – – 1.00
Memory Search: Load-Accuracy (N=466)
1 saturated 2770.843 436
2 ACEsex 2790.175 448 1 19.332 12 0.081 0.01/0.19 0.04/0.03 0.95/0.78
3 ACEnosex 2791.236 451 2 1.061 3 0.786 0.00 0.09 0.91
4 AEnosex 2791.996 452 3 0.760 1 0.383 0.09 – 0.91
5 CEnosex 2791.236 452 3 0.000 1 1.000 – 0.09 0.91
6 Enosex 2793.293 453 4 1.297 1 0.255 – – 1.00
5 2.057 1 0.152 – – 1.00
Best ﬁtting models are shown in bold.
LL = Log Likelihood, df = degrees of freedom; c.t.m. = Compare to model.
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to ascribe the individual performance variation either
to common genes or to common environment, with
the possible exception of overall RT, overall accuracy,
and memory search rate, where the heritability reached
signiﬁcance. Similar ﬁndings were reported by Groot
et al. (2004), who found strong familial inﬂuences on
attentional skills. In that study it also was diﬃcult to
determine whether these inﬂuences were genetic or
shared environmental in origin, and the authors
explained this state of aﬀairs by the high inter- and
intra-subject variability in performance.
This study nicely complements a recent series of
studies conducted by Fan and co-workers. Using a
sample of healthy MZ and DZ twins, Fan et al.,
(2001) asked whether genetic variation contributed to
variations in performance on basic attentional tasks.
These tasks were designed to tap distinct attentional
brain networks (see also Fan et al., 2002), and dam-
age to each of these networks is associated with dis-
tinct neuropsychological deﬁcits (Fernandez-Duque
and Posner, 2001). One of the ﬁndings of Fan et al.,
(2001) was that performance on the ﬂanker task,
which was supposed to index the eﬃciency of the
dopamine rich frontal executive network, was highly
heritable. Damage to this network, in turn, is impli-
cated in ADHD, among others. In a follow-up paper,
Fossella et al., (2002) found modest associations
between genetic polymorphisms of several genes
implicated in frontal (dys)function, such as DRD4
and DAT1, and the eﬃciency of the frontal executive
attention network. These genes, in turn, are impli-
cated in ADHD (e.g., Swanson et al., 2001). Thus, the
identiﬁcation of a heritable component in basic
cognitive tasks (response interference or working
memory) may guide the search for genes that are
involved in normal and abnormal processing in that
domain.
This brings us to our main research question;
whether neurocognitive performance, as assessed by
the different measures from our tasks, may be used to
reﬁne the cognitive endophenotypes. De Geus and
Boomsma (2001) listed 5 criteria that are ideally
possessed by endophenotypes (see Gottesman and
Gould, 2003, for a slightly diﬀerent approach to
endophenotypes). Their criteria 1 and 2 state that the
endophenotype should be reliable and heritable. With
respect to heritability, we have demonstrated that—at
least for this age group—there is strong evidence for
familial inﬂuence, although it is impossible to tell
whether this inﬂuence represents common genes or
common environment. An exception was our mea-
sure of memory search rate, which was found to be
heritable. This is noteworthy, because this variable is
composed of the RT-diﬀerence between Load 1 and
Load 2. From test theory we know that, in general,
diﬀerence scores between two measures (such as
interference of diﬀerence scores in RT) are charac-
terized by low reliabilities, and hence heritabilities
(see also Stins et al., in press).
A remarkable ﬁnding is that heritability of
attention problems tends to be higher than the heri-
tability of indices that can be considered to be more
direct measures of attention, such as accuracy and
distractability (the inﬂuence of a foil). As argued by
Groot et al., (2004), it might be the case that the
insight of a parent or teacher into a child’s behavior is
collected over a longer period of time, as opposed to a
neuropsychological test battery. In addition, studies
of ADHD have seldom found an inﬂuence of shared
environment (for an exception, see Rhee et al., 1999).
With respect to reliability, we have no test–retest
data, but we can assess reliability by examining the
MZ correlations (Falconer and Mackay, 1996). It has
been argued that an MZ correlation provides a lower
limit to reliability. Inspection of Tables 2 and 3
reveals that many performance measures are char-
acterized by high MZ correlations, which implies high
reliabilities.
Criteria 3 to 5 of de Geus and Boomsma (2001)
deal with the relationship between phenotype and
endophenotype. According to these authors, there
should be a high correlation between the phenotype
and endophenotype, and this correlation should be
based in genetics and—moreover—be theoretically
meaningful. Although we have in our Introduction
brieﬂy touched upon the relationship with high-level
phenotypes, such as psychopathologies, the challenge
for researchers is now to combine this knowledge
with what is known of the neurobiology of psy-
chopathologies of interest.
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